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METHOD OF ALIGNING OPTICAL FIBERS IN AN ARRAY MEMBER 

BACKGROUND 

[0001] The present invention relates to an optical fiber array, and more 
particularly, to a method of fabricating a multi-fiber array where multiple optical fibers are 
actively aligned in accordance with reference measurements. 

[0002] Generally, a multi-fiber array has two substrates, such as upper and lower 
substrates, and multiple optical fibers that are arranged in parallel between the two substrates. 
Adhesive material is typically used to bond the optical fibers onto one or both of the substrates 
and also to attach the upper and lower substrates to each other. By arranging the optical fibers 
between the substrates and bonding them together, the optical fibers should be well aligned to 
perform efficient light transmission. In a multi-fiber array, accurate alignment of optical fibers 

l£ (especially, optical fiber cores) is an important factor in determining efficiency of light 

IP 

*p transmission through the optical fibers. Any deviation in the alignment of optical fiber cores 
p may affect light transmission of a multi-fiber array. 

[0003] Referring to FIG. 1, a cross-sectional, perspective view is provided for 
illustrating a typical multi-fiber array 100. Two substrates, upper and lower substrates 111,113 
are stacked, and multiple optical fibers 1 15 are arranged in parallel between the two substrates 
111,113. As shown in FIG. 1 , the upper and lower substrates 111,113 each have a surface on 
which V-shaped grooves are formed. The grooves 1 16 on the bottom surface of the upper 
substrate 1 1 1 are respectively mated with the grooves 1 18 on the top surface of the lower 
substrate 113. Each of the optical fibers 1 15 is placed within a space formed with a pair of 
matching V-grooves, i.e., a V-groove of the lower plate 113 and a corresponding V-groove of the 
upper plate 111. The optical fibers 1 15 are placed between the respective V-grooves 1 16, 1 18 of 
the upper and lower substrates 111,113 and fixed therein by adhesive 123. Thus, proper 
alignment of the optical fibers 115 may be maintained by the V-grooves 1 16, 1 18. In other 
words, the position of each optical fiber is determined and maintained by being held with a 
corresponding pair of V-grooves. 

[0004] A typical process of fabricating the conventional multi-fiber array 100 is 
as follows. The upper and lower substrates 1 1 1, 1 13 are separately subjected to a mechanical 
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and/or chemical process to form the V-grooves 1 1 6, 1 1 8 on the surfaces of the substrates 111, 
113. Since the shape of each V-groove determines the position of each optical fiber, precise 
measurements are required in forming the V-grooves 1 16, 1 18. The optical fibers 1 15 are then 
mounted on the respective V-grooves 1 18 of the lower substrate 113. 

[0005] After placing the optical fibers 1 15, the adhesive 123 is applied over the 
lower substrate 1 13 so that the optical fibers 1 15 are coated with the adhesive 123. Then, the 
lower substrate 1 13 and the optical fibers 1 15 are housed with the upper substrate 111, which 
also has corresponding V-grooves 1 16 on the bottom surface. At this time, the upper substrate 
1 1 1 is stacked on the lower substrate 1 13 in such way that each of the V-grooves 1 16 is mated 
with corresponding one of the V-grooves 1 18 in their longitudinal direction. The upper substrate 
1 1 1 is pressed down toward the lower substrate 1 13 to be bonded to each other, and the optical 
^ fibers 1 15 are fixed by being tightly confined within the V-grooves 1 16, 1 18. As a result, the 
.jSj multi-fiber array 100 is formed in which the optical fibers 115, each having direct contact with 
IJt the respective V-grooves 1 1 6, 1 1 8, are arranged between the substrates 111,113. 
S [0006] Examples of multi-fiber arrays can be found in U. S. Patent No. 6,215,945 

g to Fukuyama et a!., issued on Apr. 10, 2001, "Optical Fiber Array"; and U. S. Patent No. 
~ 5,790,731 to G. Deveau, issued on Aug. 4, 1998, "Optical Fiber Array/Optical Integrated Circuit 

Interconnection Assembly and Enclosures for Protecting the Interconnection Assembly", 
jj; [0007] However, the conventional multi-fiber array and the fabrication method 

pi thereof have drawbacks in that the position of each optical fiber (especially, the optical fiber 
core) cannot be precisely controlled, thus causing misalignment of the optical fibers. In other 
words, the optical fibers (or optical fiber cores) may be deviated from their target positions. 
Major factors causing such deviation or misalignment of the optical fiber cores are as follows. 

[0008] First, the optical fiber cores may be misaligned due to unevenly applied 
pressure on the upper substrate. When the upper and lower substrates are bonded to each other 
by pressing the upper substrate toward the lower substrate, pressure applied on the upper 
substrate should be maintained evenly over the entire area. Since the position of each optical 
fiber is determined by being tightly confined within the V-grooves of the substrates, unevenly or 
incompletely applied pressure on the upper substrate may cause any deviation from the target 
positions. 
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[0009] Second, misalignment of the optical fiber cores may also be caused by an 
error in forming the V-grooves on the substrates. As described above, since alignment of the 
optical fibers is maintained by the V-grooves, the shape of each V-groove should be formed in 
accordance with precise measurements. In addition, adjacent V-grooves should be spaced 
relative to each other by a predetermined distance, and each V-groove should have a 
predetermined height from the bottom of the lower substrate. If there is an error in complying 
with such measurements, the optical fibers may be misaligned. 

[0010] Finally, the optical fiber cores may also misaligned due to an error in their 
concentricity. It is assumed in fabrication of the conventional multi-fiber array that each optical 
fiber core is centered on the corresponding optical fiber. In practice, however, concentricity of 
the optical fiber cores may be failed. In this case, the optical fiber cores may be misaligned even 
though pressure on the upper substrate is evenly applied and the V-grooves are formed in 

& compliance with required measurements. 

yrii 

KP [0011] Therefore, there remains a need for a multi-fiber array and a fabrication 

method thereof in which optical fibers are aligned in compliance with reference measurements so 

CP that cores of the optical fibers are accurately aligned to their target positions. 

% 

BRIEF SUMMARY 

09 [0012] The present invention provides a method for fabricating an array of optical 

j| if fibers. The method comprises providing a substrate for receiving the optical fibers; forming in 
the substrate through-holes; placing the optical fibers in the respective through-holes; applying 
adhesive into the respective through-holes, each of the optical fibers being coated with the 
adhesive in corresponding one of the through-holes; adjusting a position of each optical fiber; 
and curing the adhesive to fix the optical fibers aligned in the respective through-holes. The 
substrate may be a unitary substrate having the through-holes into which the respective optical 
fibers are inserted and the adhesive is injected, or consist of lower and upper plates each having 
grooves to form the through-holes in which each of the grooves of the lower plate is mated with 
corresponding one of the grooves of the upper plate to form corresponding one of the through- 
holes. 

[0013] The present invention further provides an array of a plurality of optical 
fibers, comprising a substrate having through-holes each extending in parallel with each other in 
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a longitudinal direction of the through-holes; adhesive filled in the respective through-holes; and 
the optical fibers placed in the respective through-holes, each of the optical fibers being coated 
with the adhesive in corresponding one of the through-holes; wherein cores of the optical fibers 
are aligned in accordance with reference measurements. Preferably, each of the optical fibers 
has no direct contact with the side wall of corresponding one of the through-holes. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0014] Some embodiments of the invention will now be described in detail in the 
following Examples. 

[0015] FIG. 2 is a perspective view illustrating a multi-fiber array 200. In the 
multi-fiber array 200, an array member 21 1 is provided for receiving multiple optical fibers 213 
therein. The array member 21 1 has through-holes 215 each extending throughout the array 
member 21 1 in a direction corresponding to the longitudinal direction of the optical fibers 213. 
The through-holes 215 are filled with an adhesive 217. Each of the optical fibers 213 is coated, 
preferably airtightly, with the adhesive 217 in corresponding one of the through-holes 215. 
Preferably, the optical fibers coated with the adhesive 217 have no physical or direct contact with 
the inside walls of the respective through-holes 215. Adhesive 217 includes metal solder, glass, 
heat cured epoxy, UV-cured adhesive, and combinations including one or more of the foregoing. 
Adhesive 217 is solidified by a curing the adhesive in a manner known in the pertinent art for 
curing a corresponding adhesive 217. For example, a solder is cured by cooling, heat cured 
epoxy is cured by heating, while other epoxies may be cured by evaporation or subjecting the 
epoxy to the atmosphere. In one embodiment, adhesive 217 is a UV-cure adhesive that is 
exposed to UV (ultraviolet) light from a UV light source 216 to cure adhesive 217. Although it 
will be recognized that other adhesives can be used with a corresponding curing manner, an 
embodiment employing UV-cure adhesive 217 and UV-light source 216 as the curing manner 
will be described hereinafter. 

[0016] In case that UV-cure adhesive is used as the adhesive 217, the optical 
fibers 213 are movable in the respective through-holes 215 unless the UV-cure adhesive is 
exposed to UV light. Before the UV-cure adhesive 217 is solidified by being exposed to UV 
light, the optical fibers 213 coated with the UV-cure adhesive 217 may be readily adjusted or 
repositioned to be aligned to their target positions. In this embodiment, a position manipulator 
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221 is employed to adjust each optical fiber in accordance with reference measurements. When 
the optical fibers 213 are accurately aligned, the UV-cure adhesive 217 is exposed to UV light to 
fix the optical fibers 213 in their aligned positions. Thus, each of the optical fibers 213 is 
actively aligned to its target position and instantly fixed by UV-curing the adhesive 217. 

[0017] For adjustment of the optical fibers 213, an adjusting mechanism 220 may 
be employed at either or both sides of the array member 211. The adjusting mechanism 220 
preferably has multiple manipulators 221 for adjusting or repositioning the respective optical 
fibers 213. Each manipulator 221 is associated with corresponding one of the optical fibers 213 
to adjust the optical fiber in accordance with reference measurements. For example, a 
manipulator 221 grasps a corresponding optical fiber and adjusts its position. Preferably, each 
Ui optical fiber is adjusted in two directions, such as x- and y-directions shown in FIG. 2. In this 
CP embodiment, the x- and y-directions are horizontal and vertical directions, respectively, in a 
[J; surface perpendicular to the longitudinal direction of the through-holes 215. 
% [0018] The reference measurements externally provided to each position 

CP manipulator include data representing target position of the core of each optical fiber. 
J" Preferably, the reference measurements include data representing height of each optical fiber 

core from the bottom of the array member 2 1 1 and data representing distance between the cores 
flip of adj acent optical fibers. Thus, the optical fiber cores 2 1 9 may be accurately aligned using each 
j|; position manipulator to adjust the optical fibers 2 1 3 in accordance with the reference 
W measurements to align optical fiber cores 219. 

[0019] Referring to FIGS. 3A-3D, there are provided perspective views of various 
types of substrates to be used as array member 211. While the array member 21 1 shown in FIG. 
2 has a unitary structure, an array member 21 1 employing the substrates shown in FIGS. 3A-3D 
has two substrates, i.e., upper and lower substrates (or plates) 302 and 304, respectively. It 
should be noted that shapes of the substrates for the array member 21 1 are not limited to the 
exemplary substrates shown in FIGS. 3A-3D. 

[0020] In case that the array member 21 1 consists of the upper and lower 
substrates 302 and 304, each substrate has grooves 306 on its surface. The upper substrate 302 
has grooves 306 on the bottom surface 308, and the lower substrate 304 has grooves 306 on the 
top surface 310. The grooves 306 may have various shapes, for example, FIG. 3D shows 
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modified V-shaped grooves 306 in which each groove 306 has a tapered portion 308 allowing an 
optical fiber to be inserted more easily into the array member 21 1. 

[0021] The upper and lower substrates 302 and 304 are combined with each other 
in such way that each groove 306 of the upper substrate 302 is mated with corresponding groove 
306 of the lower substrate 304. Each pair of the matching grooves forms a through-hole 215 in 
which an optical fiber 213 is placed and surrounded by the adhesive 217, as shown in FIG. 2. 
Adjustment and alignment of the optical fibers 213 placed in the respective through-holes 217 
formed with the grooves 306 are performed in the same manner as described above. 

[0022] In FIG. 4, a flow chart is provided for describing a method 400 of 
fabricating a multi-fiber array 200. Referring to FIG. 2 and FIG. 4, method 400 will be 
described. An array member 21 1 is provided for receiving multiple optical fibers 213 (step 41 1). 
The array member 211 may be a single substrate, as shown in FIG. 2, or consist of two 
substrates, as shown in FIGS. 3A-3D. Multiple through-holes 215 are formed in the array 
member 2 1 1 (step 413). The through-holes 2 1 5 extend in parallel with each other in their 
longitudinal direction. In case of the unitary substrate, the array member 211 may be molded to 
have the through-holes 215 or subjected to mechanical or chemical process to form the through- 
holes 215. The through-holes 215 should have a diameter larger than that of the optical fibers 
213. The through-holes 215 are also formed in compliance with predetermined measurements 
such as distance between adjacent through-holes 215 and height from the bottom of the array 
member 211. 

[0023] In case of the array member 21 1 having two substrates as shown in FIGS. 
3A-3D, the through-holes 215 are formed by combining the upper and lower substrates 302 and 
304 which have grooves 306 on their opposite surfaces 308 and 310. 

[0024] The optical fibers 213 are placed in the respective through-holes 215 (step 
415). In case of the unitary substrate, the optical fibers 213 are inserted into the respective 
through-holes 215. Whereas, in case of the array member 211 having two substrates, the optical 
fibers 213 may be placed on the respective grooves 306 of the lower substrate 304 and then 
housed with the upper substrate 302. The through-holes 215 are also filled with adhesive 217 
(step 417). In case of the unitary substrate, the adhesive 217 may be injected into the respective 
through-holes 215 either before or after inserting the optical fibers therein. In the case that an 
UV-cure adhesive is used, the adhesive is protected from UV light at this time. In the case of the 
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dual substrate array member 211, UV-cure adhesive 217 is preferably applied onto the lower 
substrate 304 before being housed with the upper substrate 302. Also, the adhesive 217 may be 
applied either before or after placing the optical fibers 213 on the respective grooves 306 of the 
lower substrate 304, Since UV-cure adhesive 217 has a liquid property until it is exposed to UV 
light, the optical fibers 213 surrounded with the UV-cure adhesive 217 are movable in the 
respective through-holes 215. It will be recognized that other adhesives 217 may be used with a 
corresponding curing manner known in the art and discussed above, instead of using UV-cure 
adhesive with UV light as the curing manner. The use of UV-cure adhesive with UV light as a 
corresponding curing manner is merely one embodiment of an adhesive and corresponding 
curing manner for fabricating a multi-fiber array 200. Adhesive 217 also includes metal solder, 
glass, heat cured epoxy, and combinations of at least one of the foregoing including UV-cure 
H; adhesive. Adhesive 217 is solidified by a corresponding curing manner known in the pertinent 

art for curing a selected adhesive 217. 
Z| [0025] The optical fibers 213 are then adjusted in accordance with reference 

# measurements to their target positions (step 419). The optical fibers 213 may be adjusted in 
p predetermined directions, such as horizontal and vertical directions, until their cores 219 are 

accurately aligned. Such active alignment may be performed selectively or simultaneously with 
M £ respect to the optical fibers. In case of the selective alignment, the adhesive 217 in the respective 
p through-holes 215 is selectively exposed to a corresponding curing manner. For example, when 
adhesive 217 is an UV-cure adhesive, UV light is applied to adhesive 217 in individual through- 
holes 215 in which the optical fibers 213 have been successfully aligned, whereas UV-cure 
adhesive 217 is protected from UV light in through-holes 215 with optical fibers 213 under 
adjustment. In the case of simultaneous alignment, the optical fibers 213 are adjusted and 
aligned at the substantially same time, and UV light is applied to the UV-cure adhesive 217 in all 
the through-holes 215. By being exposed to UV light, the UV-cure adhesive 217 is solidified to 
fix the optical fibers 213 in their aligned positions (step 421). Therefore, the cores 219 of the 
optical fibers 213 are accurately aligned to their target positions so that the efficiency of light 
transmission in the multi-fiber array is maximized. 

[0026] To facilitate the UV-curing of the adhesive 217, all or part of the array 
member 21 1 may be constructed of a transparent material, such as glass. The transparent 
material allows the UV-light from UV-light source 216 to reach the UV-cure adhesive 217. 
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Where selective alignment is performed, the array member may be constructed as shown in FIG. 
5., with the array member 21 1 being constructed of a transparent material having opaque dividers 
502 disposed intermediate through holes 215. Each opaque divider 502 extends in a plane 
parallel to the centroidal axes of the adjacent through holes 215 and prevents UV light applied to 
the UV-cure adhesive 217 in one through hole 215 from reaching UV-cure adhesive 217 in the 
adjacent through hole(s) 215. 

[0027] The method described herein allows optical fibers to be accurately 
positioned in an array member. In the method described herein the fibers are actively aligned, 
ensuring accurate alignment of the fiber cores regardless of errors in the fabrication of the optical 
fiber or the reference surface (e.g. the substrate). 

[0028] Having described preferred embodiments of an apparatus and method of 
aligning optical fibers to waveguides, modifications and variations can be readily made by those 
skilled in the art in light of the above teachings. It is therefore to be understood that, within the 
scope of the appended claims, the present invention can be practiced in a manner other than as 
specifically described herein. 



